S
ince the introduction of Kegel exercises in 1948, 1 the efficacy of pelvic-floor muscle (PFM) exercise in the management of stress urinary incontinence (SUI) and mixed urinary incontinence (UI) (symptoms of stress and urge incontinence) has been supported by multiple randomized controlled studies and systematic reviews. [2] [3] [4] [5] [6] [7] Pelvicfloor muscle exercise has been reported to be 50% to 69% effective in reducing urine loss episodes in women. 4, 5, 7, 8 Conversely, results of studies that tested the long-term success rates of PFM exercise to manage UI are mixed. 9 -13 Unfortunately, these studies applied different exercise frequency and duration prescriptions, making it difficult to draw clinically relevant conclusions about how to enhance the long-term efficacy of PFM exercise for SUI.
Poor exercise adherence is recognized as a serious threat to long-term success in the management of UI. Several studies 9, 10, 14, 15 have shown that women decrease the frequency of PFM exercise over time. One study 9 showed that 5 years following a 6-month program of intensive PFM strengthening, 70% of the women continued their exercise program at least 1 time per week. However, women who exercised 3 or more times per week demonstrated significantly less incontinence, as determined by pad test, compared with those who exercised less frequently. 9 A 15-year follow-up study of the same women showed that only 28% performed PFM exercises at least weekly. 10 In addition, 50% of the women underwent anti-incontinence surgery at some point during the 15-year follow-up period. 10 In a study by Holley et al, 14 1 out of 10 women continued to exercise 5 years after formalized therapy. The woman who continued to exercise reported decreased UI, whereas the other women demonstrated no improvement or underwent surgery. 14 The results of these studies suggest that the initial benefits of a formalized rehabilitation program for UI diminish due to a reduction in exercise adherence.
Much effort has been taken to determine variables influencing a patient's ability to adhere to prescribed interventions. The inconvenience of the regimen 14,16 -19 is particularly applicable to exercise adherence. Women in the study by Holley et al 14 cited not having enough time, a lack of discipline or disinterest in exercising, and interference with daily activities as reasons why they failed to exercise. Similar reasons for poor PFM exercise adherence were obtained from a study of postnatal women surveyed 1 year following a formalized PFM exercise program. 13 The exercise program consisted of 8 to 10 PFM contractions, 8 to 10 times per day. The investigators speculated that the high exercise intensity (number of exercise repetitions) and frequency may have accounted for the poor exercise adherence and study withdrawal observed. 13 A 5-year follow-up to a controlled PFM exercise trial for UI that initially required women to perform 10 PFM contractions, 5 to 10 times per day, also showed poor long-term adherence. Of the women diagnosed with SUI, only 39% performed exercises at least once per day or "when needed." Fifteen percent performed exercises once per week, with 3% performing them once per month and 43% not at all. 11 Again, the intensity of the exercise prescription may have contributed to the overall poor long-term adherence. Interestingly, the authors also noted that exercise adherence was the only significant factor (compared with variables such as age, parity, health locus of control, and severity of incontinence) that was shown to influence outcomes at the 5-year follow-up.
It is important to note that the PFM exercise intervention trials 20, 21 upon which the aforementioned follow-up studies 9,10,11 were based did not describe whether or how women were advised to continue PFM exercises long-term. Thus, it is not known whether a specific prescribed PFM maintenance program would have enhanced long-term PFM exercise outcomes.
When prescribing maintenance PFM exercise, the physical therapist needs to consider the burden of exercise placed on the patient. To minimize this burden, the therapist would need to know the specific parameters of exercise (eg, type, number of repetitions, performance frequency) for producing the most efficacious outcome, as demonstrated by research. This information is difficult to obtain from the current literature. In published studies, [22] [23] [24] [25] [26] the suggested exercise frequency varies from 3 or more times per day to 3 times per week. More variable is the number of exercise repetitions, from a reported 15 to 30 repetitions to 100 or more repetitions per day. [22] [23] [24] [25] [26] Given the evidence of poor long-term PFM adherence, a research priority should be to determine the minimum exercise frequency and number of PFM exercise repetitions needed to maintain benefits of a formalized PFM exercise program.
There is evidence in the literature on muscle strengthening that the exercise frequency needed to preserve muscle strength (force-generating capacity) may be less than what is typically prescribed by the physical therapist. Graves et al 27 demonstrated that reducing exercise frequency from 2 or 3 times per week to once per week afforded maintenance of knee extensor strength as long as the mode, intensity, and duration of exercise were held constant. Carpenter 30 Whether the results of these studies can be generalized to the rehabilitation of PFMs is unknown.
Thus, given that the literature supports the efficacy of continued exercise to maintain long-term gains in decreasing UI, 9, 11, 12 it becomes evident that further research is needed to prospectively evaluate the minimum exercise frequency essential to maintain PFM function following a formalized rehabilitation program. If reducing exercise frequency does not result in loss of function, then a potential benefit of reducing exercise demands could be enhanced long-term exercise adherence.
We previously published continence and quality-of-life (QOL) outcomes for 44 women who participated in a 9-to 12-week supervised PFM exercise program for SUI. 8 The aims of the present study were: (1) to evaluate continence and QOL outcomes for these women 6 months following discharge from formalized therapy and (2) to compare the effectiveness of low-frequency (1 time per week) and high-frequency (4 times per week) PFM maintenance exercise programs on sustaining treatment outcomes over a 6-month follow-up period. We hypothesized that lowand high-frequency exercise would be equally effective in maintaining therapeutic gains over the 6-month follow-up period.
Method
Participants Data for this study came from the 6-month postintervention examinations of women who completed a 9-to 12-week randomized intervention trial to determine the effect of PFM exercise position (supine only versus supine and upright) on continence and QOL outcomes. 8 Women for the intervention trial were recruited through local newspaper advertisements, the Magee-Womens Research Institute Web site, and physician referrals from the Department of Obstetrics, Gynecology, and Reproductive Science at the University of Pittsburgh at Magee-Womens Hospital.
Women were eligible for the study if they were 38 to 70 years of age, not pregnant, ambulatory, and recorded at least one SUI episode and no urgency or urge urinary incontinence (UUI) in a 7-day bladder diary. Women were excluded from participation if they had a medical history that included pelvic cancer, severe endometriosis, use of an intrauterine device, or pacemaker; neurologic or metabolic disorders associated with bladder or sphincter dysfunction; previous medical/surgical treatments for SUI; or prior instruction in PFM exercise or a prescribed PFM exercise regimen from a physician, nurse, physical therapist, or other health care professional. Exclusion based on physical examination occurred if women had vaginal wall prolapse beyond the vaginal introitus, an inability to demonstrate a palpable PFM contraction, sensory loss below the L4 dermatome, atrophic vaginitis or skin breakdown around the perineum, lumbosacral or pelvic pain or dysfunction that would interfere with PFM exercises, or an inability to tolerate the supine position for exercise or if they demonstrated detrusor instability or an abdominal leak point pressure of less than 60 cm H 2 O during urodynamic testing. Additional details of participant eligibility, screening, and randomization have been reported previously. 8 Forty-four women, with a mean age of 52.6 years (SDϭ8.5), enrolled in the 9-to 12-week intervention trial. Fifty-seven percent of this sample was post-menopausal, and their mean number of urine leaks per week recorded in their preintervention bladder diaries was 7.0 (SDϭ 6.2). Thirty-six (82%) of these women completed the 9-to 12-week intervention trial (Figure) . 8 We telephoned all of the women who completed the intervention trial to participate in the 6-month followup. Twenty-eight women (78% who completed the intervention trial) returned for the 6-month follow-up. Reasons why women did not participate in the follow-up included: new, unrelated illness (1 woman); moved away from area (1 woman); unable to find time to participate (4 women); and did not return the investigators' telephone calls (2 women). A t test for unequal variances assured us that there was no difference in the mean (SD) percentage reduction of SUI episodes achieved during the intervention trial between women who returned and those who did not return for the 6-month follow-up (81.0Ϯ29.0% versus 51.0Ϯ42.0%, respectively; tϭ1.76, Pϭ.12).
Complete bladder diary data were obtained from all 28 participants. We obtained a complete set of bladder diary, QOL, urodynamic, pad test, and PFM strength data from 23 women. Of the remaining 5 subjects, 1 attended the reexamination but refused urodynamic testing, thus contributing only bladder diary, QOL, and PFM strength data to the study. Another 4 women were unwilling to return for the physical reexamination but agreed to mail a completed bladder diary and QOL questionnaire to the principal investigator. Therefore, bladder diary and QOL data were obtained from all 28 women, PFM strength data were obtained from 24 women, and urine leakage data from the urodynamic and pad tests were obtained from 23 women.
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Randomization to Exercise Frequency Groups
During the intervention trial, women had been randomly assigned to use 1 of 2 positions (supine only versus supine and upright) for PFM exercise. 8 At the last physical therapy visit (during the 9-to 12-week intervention phase), women were randomly assigned to participate in either a low-frequency (1 time per week) or a high-frequency (4 times per week) maintenance exercise program. A block randomization schedule was determined using a random number table. Four blocks with 12 assignments each that included equal representation of both exercise positions and exercise frequencies were created. Random assignment followed the block schedule when the groups became unbalanced on age or incontinence severity. We aimed to keep the groups similar on age (within 5 years) and incontinence severity. Incontinence severity was determined from the baseline bladder diary as minimal (Ͻ5 urine leakage episodes per week), moderate (5-10 urine leakage episodes per week), or severe (Ͼ10 urine leakage episodes per week).
During the study's intervention phase, the maximum number of PFM exercises prescribed was 60 repetitions (3 sets of 20 repetitions) of a 3-second PFM contraction and 30 repetitions (3 sets of 10 repetitions) of a 12-second contraction per exercise session. The women were told to perform 2 exercise sessions per day. 8 The number of PFM exercises prescribed depended on the maximal exercise prescription a woman achieved at the final intervention visit. Depending on the exercise frequency assignment, the women were told to perform 1 session of exercise 1 time per week or 4 times per week.
6-Month Examination Outcomes
All participants provided informed consent to examination procedures. A nurse practitioner and a physical therapist examined all participants. Six-month study outcomes included number of urine leakage episodes recorded in a bladder diary, evidence of urine leakage during urodynamic testing, volume of urine loss during a pad test, QOL, and PFM strength. These outcomes also were obtained previously for each participant at the end of the 9-to 12-week physical therapy intervention. Data from the postintervention and 6-month follow-up examinations were compared to determine any changes in incontinence status and QOL over the maintenance period.
Bladder diary. Participants were mailed a 1-week bladder diary prior to the 6-month examination and asked to complete it the week prior to their appointment. The 1-week urinary diary has been shown to have high test-retest reliability for diurnal and nocturnal micturition frequency and number of incontinence episodes (rϭ.86-.91). 31 The women recorded the time of each void and incontinence episode and the circumstance of each stress incontinence episode (eg, cough, sneeze). The number of incontinence episodes per week was extracted from the diary.
Urine leakage during urodynamic testing. The nurse practitioner performed all urodynamic evaluations. Urodynamic evaluations with external water pressure transducers were performed using the EKO Uro-
Figure.
Flow of participants through initial pelvic-floor muscle exercise intervention trial and 6-month follow-up study.
dynamics System,* a no. 7 French double lumen urethral catheter, † and a rectal balloon catheter ‡ to measure intra-abdominal pressure. Post-void residual urine was removed through the urodynamic catheter prior to bladder filling. Transducers were zeroed for each participant. Post-void residual urine was documented by catheterization within 15 minutes of voiding. The bladder was retrograde filled with room-temperature sterile water at a continuous rate of 50 mL/ min. Bladder filling stopped when the participant reported a strong urge to urinate, indicating maximal cystometric capacity. Any evidence of detrusor instability was recorded. Once maximal cystometric capacity was reached, the bladder catheter was removed and provocative stress maneuvers (Valsalva maneuver followed by cough) were performed. Provocative maneuvers were done first with the participant in a lithotomy position. If leakage did not occur, provocative maneuvers were repeated in a standing position. Evidence of SUI and the coincident abdominal leakpoint pressure were recorded.
Volume of urine leakage. A modification of the 1-hour pad test recommended by the International Continence Society was used to quantify volume of urine leakage. 32 We administered the pad test immediately following urodynamic testing; therefore, we assumed the participant's bladder was still at maximum cystometric capacity. At the time of testing, the woman was not menstruating and any lubricant used for urodynamic testing was removed. A calibrated Ohaus model CR 1200 Portable Advanced Scale § was used to weigh the Depend Undergarment ʈ before and after the pad test. The readability of the scale is 0.1 g, and its repeatability is 0.1 g. Participants wore the pad during the following standardized maneuvers, walking 45 m (50 yd) at a comfortable pace, followed by 5 times each of climbing a step, coughing, heel bouncing, and standing up from a sitting position. Finally, the women placed their hands under running water for 1 minute. The undergarment was removed and weighed to determine volume of urine loss.
QOL. Quality of life was measured using the Incontinence Impact Questionnaire (IIQ). 33 The IIQ is a 30-item questionnaire designed to assess the impact of UI across 4 domains: physical activity, travel, social relationships, and emotional health. Internal consistency, reproducibility, construct validity, and sensitivity of the IIQ were established in a population of community-dwelling women with SUI or UUI. 33 Participants completed the IIQ at the baseline and posttreatment examinations. Scores on the IIQ range from 0 to 400, with a higher score indicating poor perceived QOL. 33 PFM strength. The PFM strength grade was determined through digital assessment using the Brink method. 34 The Brink scale considers 3 muscle function dimensions: muscle contraction duration, squeeze pressure felt around the examiner's fingers, and vertical displacement of the examiner's fingers as the PFMs contract. Each variable is rated separately on a 4-point categorical scale. The 3 subscale scores are summed to obtain a composite score ranging from a low of 3 to a high of 12.
Interrater reliability, test-retest reliability, and validity of this strength assessment have been reported. 34, 35 Exercise adherence. The women were provided a diary to record exercise adherence during the 6-month follow-up interval. They received the diary at the last intervention visit. To minimize patient burden, the diary only required the women to indicate the number of exercise sessions they performed per week over the 6-month interval.
Data Analysis
To determine whether differences existed at the time of randomization to exercise frequency groups, we compared groups on age, number of urine leaks per week, and volume of urine loss during the pad test using independent t tests. Mann-Whitney U tests were performed to determine group differences in IIQ and Brink scores. Group differences in the proportion of women in each exercise group who experienced urine leakage during cystometric testing at the time of randomization were analyzed using chi-square analysis.
To determine long-term changes in outcome status across the entire sample (study aim 1), data from both exercise frequency groups were collapsed. Changes in the number of urine leaks per week and volume of urine loss during the pad test were analyzed using paired t tests. Changes in IIQ and Brink scores were analyzed using the Wilcoxon signed rank test. The McNemar test was used to test the change in the distribution of women who did and did not leak urine during urodynamic testing.
The effect of maintenance exercise frequency on 6-month postintervention outcomes (study aim 2) was determined by analyzing difference scores (postintervention -6-month follow-up) for bladder di-ary, pad test, QOL, and PFM strength outcomes. A one-way analysis of variance (ANOVA) was used to detect differences between the 2 groups on reductions in the number of urine leaks per week and the amount of urine loss during the pad test. The Kruskal-Wallis one-way ANOVA by ranks was used to detect group differences in changes in IIQ and Brink scores. Group differences in the proportion of women who demonstrated urine leakage during cystometric testing were determined using chi-square analysis. When expected cell frequencies were Ͻ5, the Fisher exact test was used instead of the chi-square test.
Exercise adherence was determined from the exercise diaries. Only completed diaries were used in the analysis. A percentage of exercise adherence was calculated for each woman using the following formula: (number of actual exercise sessions performed/expected number of exercise sessions) ϫ 100%.
Results
The mean age of the women who provided data for the 6-month follow-up (nϭ28) was 52.8 years (SDϭ8.6) (Figure) . Median parity was 2, and 60.7% of the sample were postmenopausal. Twenty-six women were Caucasian, and 2 were African American. Thirteen women were randomly assigned to perform exercises once a week (low-frequency exercise group) at their last intervention visit, and 15 women were randomly assigned to perform exercises 4 times per week (high-frequency exercise group).
Group comparisons on study outcomes at the completion of the 9-to 12-week intervention (time of randomization to maintenance exercise group) are presented in Table 1 . At randomization, there were no statistically significant differences between women assigned to either maintenance exercise group with respect to age, number of urine leaks per week, volume of urine loss during the pad test, IIQ scores, or Brink score.
Urodynamic stress incontinence (USI) was present in 60.7% of the women prior to the physical therapy intervention. Following intervention, only 42.8% of the women leaked urine during urodynamic testing, demonstrating USI. Table 1 shows that there was no difference in prevalence of USI between maintenance exercise groups at randomization ( 2 ϭ0.11, Pϭ.74). Table 2 shows the outcome results with data collapsed across all participants (regardless of exercise frequency group). Status of urine leaks, urine loss, and Brink scores were sustained over the 6-month follow-up period. Incontinence Impact Questionnaire scores worsened slightly over the 6-month period, but this change did not reach statistical significance. The percentage of women with USI at the 6-month follow-up decreased to 35%; however, this change was not statistically significant.
Changes in bladder diary, pad test, QOL, and PFM strength outcomes from postintervention to the 6-month follow-up examination are presented by maintenance exercise group in Table 3 . Changes in the number of urine leaks per week, volume of urine loss during the pad test, IIQ scores, and Brink scores were quite small and not statistically different between the 2 maintenance exercise groups. Table 3 also shows the prevalence of USI at the 6-month examination by maintenance exercise group. The proportion of women who demonstrated USI was not statistically different between the groups (Pϭ.40).
Only 15 women returned completed exercise adherence diaries at the 6-month follow-up examination. Seven of these women were assigned to the low-frequency exercise Continence and Quality of Life in Female Stress Urinary Incontinence group, and 8 women were assigned to the high-frequency exercise group. Women in the low-and highfrequency exercise groups performed a median 83% (rangeϭ43%-100%) and 72% (rangeϭ0%-100%) of the expected exercise sessions during the 6-month follow-up period, respectively.
We obtained anecdotal information regarding exercise adherence from the remaining 13 women, including whether they exercised regularly over the 6-month period and, on average, how many times per week they exercised. We estimated their percentage adherence using the following formula: (recalled average exercise sessions per week ϫ 26 weeks)/(expected number of exercise sessions per week ϫ 26 weeks) ϫ 100%. We estimated that these women performed a mean 39% (medianϭ25%) of the expected exercises sessions during the 6-month follow-up, considerably less than the 15 women who returned exercise diaries.
Discussion
Our results showed that continence, QOL, and PFM strength gains obtained during an intensive PFM exercise program were sustained over a 6-month follow-up period in women with SUI who were advised to continue PFM exercise at a reduced exercise frequency. It is important to note that 15 (54%) of the women kept an exercise diary over the 6-month follow-up period. Of these women, only 4 indicated 100% adherence. Thus, based on the exercise diaries received, women exercised at a lower frequency than assigned. However, the women in the highfrequency exercise group exercised more than twice as often per week compared with the women in the low-frequency exercise group. Although less than prescribed, we believe adherence was quite good for these 15 women (median 83% and 72% for those assigned to exercise 1 and 4 times per week, respectively). Pizzari et al 36 reported a median 75% adherence to prescribed home exercises for individuals following ante- .40
a Minus sign indicates a decline in outcome status.
Continence and Quality of Life in Female Stress Urinary Incontinence
rior cruciate ligament reconstructive surgery.
The inability to obtain a record of exercise adherence for 13 of the 28 women in this study was a major limitation. Using anecdotal data, we determined that these women exercised considerably less than the 15 women who kept an exercise diary. Therefore, we cannot be certain whether our 6-month outcomes can be attributed to continued exercise. We explored this concern through 2 additional statistical analyses. For the first analysis, we applied the assumption that the 13 women without a diary were "nonadherent" to PFM exercise and the 15 women who kept the diary were "adherent" to PFM exercise. We compared the 2 groups on the main study outcome: change in number or urine leaks per week (measured by bladder diary) over the 6-month period. Women in the adherent group had an increase of 0.4 (SDϭ1.5) leaks per week compared with a reduction of 0.15 (SDϭ0.8) leaks per week in the nonadherent group (tϭ1. 19, Pϭ.25) . For the second analysis, we examined the association between adherence and change in urine leaks per week over the 6-month period in the 15 women who completed and returned the exercise diary. We did not find an association between adherence and bladder diary outcomes in this group (rϭ.01, Pϭ.26).
Obtaining exercise adherence from a self-report diary presents another study limitation. Asking women to return the diaries monthly over the 6-month period may have increased the quantity of adherence data for analysis and provided stronger conclusions regarding the utility of continued exercise.
Further research is needed to establish whether continued PFM exercise at a reduced exercise frequency is needed to sustain outcomes beyond a period of 6 months following an intensive, individualized PFM exercise program. Longer-term studies 9,10 have shown significant increases in incontinence following formalized physical therapy for SUI. Additionally, Chiarelli et al 12 reported that the continued practice of PFM exercise at any frequency significantly improved the odds of being continent at 12 months postpartum in women who had undergone a previous intensive pelvic-floor exercise program. Whether the parameters of maintenance exercise intensity and frequency used in our study would sustain postintervention outcomes for periods greater than 6 months is unknown.
Additional risk factors for SUI over time, including aging, onset of menopause, use of medications, and disease, may lessen the long-term efficacy of PFM exercise. 37 Although more than half of the women in our study were postmenopausal, only 1 woman reported a change in health status during the follow-up period. Thus, our study does not add insight into the impact of aging, menopause, or changing health on long-term adherence to and efficacy of maintenance PFM exercise.
Our study did not include women with severe incontinence or mixed incontinence, women with prior treatment failures, or women who had experienced poor or unsatisfactory outcomes from a PFM intervention program. At baseline (entrance to the 9-to 12-week intensive PFM exercise intervention), the women who participated in our intervention study had mild to moderate SUI (a mean of 7.0 [SDϭ6.2] urine leaks per week and a mean IIQ score of 55 [SDϭ53]), no urgency symptoms or urge incontinence, and no previous SUI treatment. Those who completed the 9-to 12-week intervention trial achieved a mean 78.8% reduction in urine leaks per week and reported improved QOL (meanϭ29 [SDϭ42] points on the IIQ). 8 Therefore, we believe it is clinically significant that these women were able to sustain improved continence and UI-specific QOL over the 6-month period. Future investigations should examine whether continued PFM exercise is necessary for women with more-severe incontinence.
Another major limitation of this study was that it did not include a control group (a no-maintenance exercise group). Because the literature strongly indicates poor long-term continence outcomes along with inadequate PFM exercise adherence following formalized intervention, 9 -14 we could not justify inclusion of a control group. Future prospective investigations will need to weigh the benefits of including a control group to determine whether continued exercise is necessary and, if so, the critical exercise intensity threshold needed to sustain the benefits of PFM exercise beyond 6 months.
Conclusion
The effectiveness of pelvic-floor strengthening exercise in the management of SUI is well established. The most appropriate exercise prescription related to the maintenance of improved UI outcomes has not been established. Our results demonstrated sustained benefits of formalized physical therapy for SUI over a 6-month period. Because about half of the women poorly documented exercise adherence, we could not strongly conclude whether continued exercise contributed to the positive 6-month outcomes. 
